We investigated the electroweak corrections from one-loop diagrams involving the third generation (s)quarks to the decay width of processχ
I Introduction
Over the past years, many experimental works were focused on the finding new physics beyond the standard model (SM) [1] . At the same time, some new theoretical models have been developed in order to describe the new physics, such as the minimal supersymmetric model (MSSM) [2] [3] [4] , large extra dimensions model [5] , etc. Among these models, the MSSM is arguably the most promising candidate for extension beyond the SM, in which all the SM particles have their supersymmetric partners. The existence of these supersymmetric particles is one of the characteristics of this theory. Therefore, searching for these supersymmetric particles at colliders is an important task to verify the MSSM.
In the MSSM there exist two charginosχ have been done at present colliders, such as LEP, Tevatron, etc., in searching for the supersymmetric particles [6] [7] [8] , especially for charginos and neutralinos [9] [10] . At the same time, the phenomenological calculations of chargino and neutralino productions via γγ, e − γ, e + e − , e − e − , γp, pp collisions, etc., have also been performed. They can be found in Ref. [11, 12, 13, 14, 15, 16, 17] .
The decays of charginos and neutralinos in the MSSM have been widely discussed [18] [19] . If the mass splitting betweenχ 0 1 (LSP) andχ Higgs boson and sfermion exchanges are the dominant decay modes, which take place mainly in the minimal supergravity (MSUGRA) scenario. But in the models without gaugino mass unification at the GUT scale, the mass splitting between them can exceed the masses of gauge bosons (W, Z) and Higgs bosons in some parameter space. Therefore, the decay modesχ
accessible. In this case, the above two-body decay channels will be the most important decay modes ofχ + 1 andχ 0 2 , since the chargino and neutralino have enough phase space to decay firstly via these channels. Ifχ + 1 andχ 0 2 are rather heavy, some new decay channels, such as decay into ff pair, should be under consideration when they are kinematically allowed [18] . In this paper, we will only consider the decay of the lightest chargino into the lightest neutralino and W boson. As mentioned above, in the case of mχ+ the theoretical prediction with the precise measurement at the future colliders, the more accurate calculation of the partial decay width of this decay mode is necessary. For this purpose, the radiative corrections at one-loop level should be included. Since there is no one-loop QCD correction to this process, the electroweak corrections from one-loop quark-squark diagrams are the most important. In this paper, only the third generation quarks and squarks are considered because of the Yukawa characteristic factor m q /m W in the chargino/neutralino-quark-squark vertices (m q is the mass of quark q) [20] . In our calculation we adopted the t'Hooft gauge. The relevant diagrams of the tree-level, counterterm, one-loop vertex corrections to this decay and the self-energies of W-boson, charginos and neutralinos, are shown in Fig.1(a) , (b), (c), (d), (e) and (f) (i = 1, j = 1), respectively.
The paper is organized as follows: In section 2, we review briefly the chargino, neutralino and squark sectors of the MSSM and give the tree-level results (amplitude and decay width). In section 3, we give some analytical results of the electroweak corrections to theχ 
II Notations and tree-level results
The tree-level Lagrangian for the chargino and neutralino masses reads
where the tree-level mass matrices X, Y are [20] 
and ψ +T = (−iλ + , ψ
, where s W ≡ sin θ W , c W ≡ cos θ W , M and M ′ are the SU (2) and U (1) Y soft-SUSY-breaking parameters, respectively. We define
where U , V and N are unitary matrices chosen such that:
The tree-level Lagrangian for the stop and sbottom masses is
in which the tree-level stop and sbottom squared-mass matrices are:
where MQ, MŨ and MD are the soft-SUSY-breaking masses. For the third generation SU(2) squark doublet, we haveQ = t L ,b L , and the singletsŨ =t R andD =b R , respectively. A t,b are the corresponding soft-SUSY-breaking trilinear coupling parameters.
To diagonalize the mass matrices M 2 t and M 2 b , we should introduce two unitary ma-
In consideration of the reality of the mass matrices, we may choose matrices Rq to be
where −π/2 ≤ θq ≤ π/2. The mass-eigenstatesq 1 ,q 2 are related to the current eigenstates q L ,q R by the transformation:
The tree-level Lagrangian for the chargino-neutralino-W boson interactions is [3]
where
and
From this Lagrangian, we can easily obtain the tree-level amplitude and partial width of the decayχ
III Renormalization and radiative corrections
The supersymmetric radiative corrections to chargino and neutralino productions have been considered widely [21] [22] . For convenience, the corrections are expressed by using form factors. All the one-loop level contributions to these form factors can be classified in terms of prototypes distinguished by the number of particles inside the loops and their spin [22] . The calculation of the supersymmetric corrections to the decayχ
considered in this paper can be performed analogously. The form factors can be divided into two parts, which are just the contributions of counter-term and vertex correction. In order to obtain the counter-term of vertexχ 0 iχ + j W − which will be used in the calculation of the corrections, the following renormalization constants are defined
(1) renormalization constants of fields [23] :
(2) renormalization constants of gauge couplings and masses [23] :
(3) renormalization of matrices U, V and N [24] :
In this paper, we adopt the complete on-mass-shell scheme in doing renormalization.
malization conditions:
(a) The on-mass-shell renormalization conditions for gauge bosons are [23] lim
where ǫ(k) are the polarization vectors of the external fields.Re takes only the real part of the loop integrals appearing in the renormalized one-particle-irreducible two-point Green functions iΓ µν which can be written as
Here, a, b = γ, Z. From the above equations, we obtain [23]
in which Σ's are the corresponding unrenormalized self energies.
By using the equation cos 2 θ W = m 2 W /m 2 Z , we find
(b) The renormalized one-particle-irreducible two-point Green functions of fermions(here they are charginos and neutralinos) can be decomposed as
are the renormalized self-energy matrices of fermions. By imposing the on-mass-shell renormalization conditions for fermions [23] lim
we can get the renormalization constants of fermions [23] [25] [24] :
For radiative corrections to chargino and neutralino masses, we can refer to Ref. [26] .
(c) δU, δV and δN are fixed by demanding that the wave function corrections are symmetric [25] [24]:
The chargino and neutralino self-energies can be found in Ref. [24] .
By substituting Eq.(3.1) into the Lagrangian (2.9), we can obtain the counter-term of
For convenience, we define
Then the contribution from the counter-term to the amplitude of the decayχ
can be written as
Up to the one-loop level, the total amplitude of this process is
where δM v represents the vertex correction. For regularization of the ultraviolet divergences in the virtual loop corrections, we adopt the dimensional reduction scheme (DR) [27] , which is commonly used in the calculations of the electroweak corrections in framework of the MSSM as it preserves supersymmetry at least at one-loop level. As we expected, the divergence in δM v will be cancelled by that in the counter-term δM c exactly.
We can check this property of renormalization both analytically and numerically.
The calculations of the vertex correction δM v contributed by the one-loop diagrams in Fig.1 (c) tell us that
where Λ L 11 , Λ R 11 , Π L 11 and Π R 11 are the form factors whose expressions are listed in the Appendix. To describe the magnitude of the supersymmtric electroweak corrections to the partial width of the decayχ + 1 → W +χ0 1 , we introduce a quantity named relative correction δ defined as
It will be used in numerical calculations in the next section.
IV Numerical results and conclusion
In the following we present some numerical results for the radiative corrections to chargino decay into the lightest neutralino and W boson. In our numerical calculations the SM input In Fig.2 we present the relative correction δ as a function of tan β forχ For case 1 the relative correction δ is positive when tan β 4. It varies from −5% to 11.9% as the increment of tan β from 2 to 9 and decreases slowly as tan β grows in the region where tan β > 9. The peak at tan β ∼ 9 on this curve is due to the fact that the tree-level partial width of this decay Γ tree has a minimum value around this position. For case 4 the relative correction is negative, large (|δ| > 11%) and increases to −16.6% as tan β ∼ 36. For case 2 and 3, the relative corrections are insensitive to tan β. They are all negative and vary from −8.4% to −10% and −9.8% to −11.1%, respectively. Fig.3(a) are almost the same as in Fig.3(b) for a fixed mχ+ In Fig.4 we show graphically the dependence between the relative correction and mχ0
Here we take tan β = 7, mχ+ 1 = 190 GeV. θ b and θ t are set to be the same as in figure 2 .
It is clear that the relative corrections are rather stable as mχ0 The relative corrections as the functions of the squark mixing angles θ b and θ t are displayed in Fig.5 and Fig.6 , respectively. The insensitivity of the relative correction δ to θ b is due to the fact that the sbottomsb 1,2 (mb
= 400, 450 GeV) are much heavier than the lighter stopt 1 (mt 1 = 140 GeV). Therefore, the sbottom quark are almost decoupled and the variation of θ b does not affect the relative correction too much. In contrast to the sbottom mixing angle θ b , the stop mixing angle θ t plays a crucial role, as seen in Fig.6 .
The SUSY-EW corrections decrease or increase the partial decay width ofχ
significantly depending on θ t .
In summary, we have computed the supersymmetric electroweak corrections to the partial width of the deacyχ 
V Appendix
In this appendix, we list the form factors of the decayχ
The form factors Λ L,R ij and Π
L,R ij
can be divided into four parts respectively 2, 3, 4) are the form factors contributed by the four oneloop diagrams in Fig.1(c − 1 ∼ c − 4) , respectively. In the calculation of these form factors, the following vertices (or their conjugate vertices) will be used:
where p and p ′ are the incoming momentum oft j and outgoing momentum ofb i respectively. The explicit expressions of these vertices can be found in Ref. [3] . and [20] .
Now we can write down the form factors of the decayχ
11 − C
12 + C
24 + (C
21 − C
23 )m
23 )mχ0
11 − C The definitions and numerical calculation formula of the one-point, two-point and threepoint Passarino-Veltman integrals are adopted from Ref. [29] and Ref. [30] , respectively. 
